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@ Radiation cun'ng ink. 

(57) A radiatkjn-curing ink composition contains a vehicle mixture comprising : 

(A) an ingredient selected from the group consisting of a skeletal linear polyester oligomer having 1 to 
10 double bonds In a molecule and a polymer of the oligomer, (B) an ingredient seleaed from the group 
consisting of a double bond-containing carboxylic acid wherein the acid has at least one acidic group 
which is capable of fomning a water-soluble alkali metal salt in a molecule, a carboxylic ester of the acid 
and a carboxylic amide of the acid, (C) a double bond-containing carboxylic ester, having 2 to 10 acidic 
groups which are capable of fonming an all^all metal salt capable of swelling with water absorption, (D) 
an ingredient selected from the group consisting of a fluorinated double bond-containing carboxylic 
ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give 
water-repellency, a block copolymer which comprises a surface-oriented and water-repellent fluori- 
nated alkyi group-containing polymer segment and a (meth)acrylic polymer segment, and a block 
copolymer which comprises a surface-oriented and water-repellent siloxane group-containing polymer 
segment and a (meth)acrylic polymer segment, (E) a double bond-containing polycarboxylrc ester, and 
(F) an ingredient selected from the group consisting of a double bond-containing carboxylic monoester 
and its amide, wherein the acid value of the vehicle mixture is from 5 to ICQ. is provided. 

The ink is useful in displaying and decorating trade names, designs, explanatory notes, bar code, etc 
on specific thennoplastic products and the cured ink film is easily detachable with an aqueous alkali 
solution. 
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Field of the Invention 

The present invention relates to a novel radiation-curing type printing ink useful for directly printing trade 
nannes, designs, explanatory notes, bar code, etc. on a plastic product. If desired, a roughened surface of the 
5 plastic product, for displaying and decorating, quickly curing the printed ink on a high-speed drying line to form 
a dried film capable of maintaining the quality required at the distribution stage, and after collection of the used 
product, dissolving or removing the film with an aqueous alkaline solution so that the base materials are re- 
covered In a clean condition. 

More specifically, the present invention relates to the radiation-curing type printing ink useful in displaying 
10 and decorating trade names, designs, explanatory notes, bar code, etc. on specific thermoplastic products 
such as polyethylene terephthalate resin products. 

Background of the Invention 

15 The thermoplastic resin product, particularly polyethylene terephthalate product, has been utilized espe- 

cially for containers for various applications since it is free from toxicity, superior in gas-barrier ability and water- 
impermeability to other synthetic resins and having an exterior appearance similar to that of glass, and the 
like. Such applications include containers for cosmetics and toiletries, liquid seasonings, drinks such as beer 
or coke, medicine, detergents, and the like. In many cases, explanatory notes and trade names have been 

20 printed on the side wall of the container body with the printing ink made from ultraviolet-curing type resin as 
a vehicle. 

In recent years, the environment has been a matter of worldwide concern, and industrial waste, in partic- 
ular, the discharge of industrial products in a large scale, has attracted public attention, which requires an urgent 
countermeasure for its reduction. Covering a certain industrial product such as a metal product and glass prod- 

25 uct etc.. collection of used product has commenced and while it Is somewhat imperfect yet, the volume of dis- 
charge has now been decreased. 

However, the recovery system has not been functioned on any plastic product partly because most of them 
are combustible. This is attributable to the f?ct that the various types of plastic products are discarded as lump- 
sum "plastic" since it is difficult to classify many plastic products by their types. In cases where the plastic is 

30 classified by its type and collected in groups of each type separately, it may be utilized as a secondary product 
upon processing for regeneration so that loss of thermal energy in incineration as well as pollution of the at- 
mosphere with CO2 gas can be prevented. Thereby, a greater contribution may be expected In cleaning the 
environment on the earth. 

Plastics, especially the reproducible thermoplastic resins, are the industrial products that have a merit in 

35 the recovery. But many plastic products contain various additives depending upon application purposes and 
end-usage, and the composition is not always uniform even if classified in the same resin category. 

Among them, plastic containers have a relatively stable composition even thouph they contain some quan- 
tity of additives to prevent deterioral ion In the quality ofthr c.o'.t^nls, v*'hic^ i^iakss the appro9Ch to lha -j^rj-^^ 
eration easier. The container made of polyethylene terephthalate. in particular, is utilized as a transparent con- 

40 tainer for drinks on a big scale and the early realization of the system for its collection and regeneration stands 
a better chance as one of the promising products to be collected in a route reverse to that of sales channel 
similar to glass bottles. 

One obstacle in the collection and regeneration is the decoration, i.e. labeling or printing of marks, figures, 
explanatory notes and the like on the container to display trading image. An immediate task is how to conduct 
45 a lump-sum removal of the decorative portions without any sorting work after its collection to restore an original 
shape as the container materials. 

Summary of the Invention 

50 The present invention has now solved this problem by introducing a radiation- curing type ink removable 

in a short time with an aqueous alkaline solution as applied in the case of removing a paper label as one of 
the measure to deal with the outstanding task. 

The present invention relates to a radiation-curing ink composition which comprises a vehicle mixture conr>- 
prising: 

55 (A) an ingredient selected from the group consisting of a skeletal linear polyester oligomer having 1 to 10 

double bonds in a molecule and a polymer of the oligomer, 

(B) an ingredient selected from the group consisting of a double bond-containing carboxylic acid wherein 
the acid has at least one acidic group which is capable of forming a water-soluble alkali metal salt in a 
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molecule, a carboxylic ester of the acid and a carboxylic amide of the acid. 

(C) a double bond-containing polycarboxylic ester, having 2 to 10 acidic groups which are capable of form- 
.•Bde ing an alkali metal salt which can swell with water absorption, 

'the (D) an ingredient selected from the group consisting of a fiuorinated double bond-containing carboxylic 

orm 5 ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give water- 

sed repellency, a block copolymer which comprises a surface-oriented and water-repellent fiuorinated alkyi 

re- group-containing polymer segment and a (meth)acrylic polymer segment, and a block copolymer which 

comprises a surface-oriented and water-repellent slloxane group-containing polymer segment and a 
ing (met h)acrylic polymer segment, 

cts 10 (E) a double bond-containing polycarboxylic ester, and 

(F) an ingredient selected from the group consisting of a double bond-containing mono-carboxylic ester 

and an amide of the ester, wherein the acid value of the vehicle mixture is from 5 to 100. 

The radiatk>n-curing type ink compositbn according to the invention Is used not only for the purpose of 
protecting base surfaces and functional parts temporarily but also mainly for marking so that printed items 
e- 15 which are necessary during distribution processes and for the consumer, such as trade names, designs for 

!f- enhancing trading image, remarks on the contents, explanatory notes on handling, manufacturer's names, bar 

ie codes and the like can be kept In a stable condition and, upon Its collection, the prints can be removed extremely 

n easily by a certain method to enable the collection and regeneration of plastic materials, 

n 

s 20 Detailed Description of the Invention 



The radiation-curing type ink composition according to the invention is characterized in that the mixture 
of the above-mentioned (A) to (F) is the major vehicle Ingredient wherein the acid value of the vehicle mixture 
is from 5 to 100. 

25 In an aspect of the present invention, the alkali-detachable radiation-curing type ink according to the pres- 

ent invention is preferably produced by ?dcflng 0 to 20 parts by weight of a photopolymerization initiator, 0 to 
20 parts by weight of a photosensitizer, 0 to 50 parts by weight of an organic and/or inorganic pigment, if nec- 
essary a small amount of additives including a surfacer (leveling ngent), a defoamer (antl-foaming agent), a 
slipping agent, a thermal polymerization inhibitor, and the like to 100 parts by weight of the above-mentioned 

30 vehicle, and by kneading it well using a dispersing machine such as a roll mill, a dissoiver. a ball mill and the 
like. 

The radiation-curing type ink composition according to the invention Is also characterized in that the mix- 
ture of the above-mentioned (A) to (F) is the major vehicle ingredient wherein the acid value of the vehicle 
mixture is from 5 to 100 and the ink composition comprises additionally 0 to 20 parts by weight of a photopo- 
35 lymerization initiator, 0 to 20 parts by weight of a photosensitizer, 0 to 50 parts by weight of an organic and/or 
inorganic pigment, and, If necessary, a small amount of additives including a surfacer, a defoamer, a slipping 
agent, a thermal polymerization inhibitor, and the like to 100 parts by weight of the above-mentioned vehicle. 

In a representative embodiment of the present in/e:tt.: , ir.3 radiation-curing type ink composition com- 
prises 

40 (1) the above-mentioned (A) to <C) and (E) to (F) components and. as the (D) component, a fiuorinated 
double bond-containing carboxylic ester wherein the fluorine component is oriented on the surface of co- 
polymer or polymer to give water-repellency, or 

(2) the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component, a block copo- 
lymer which comprises a surface-oriented and water-repellent fiuorinated alkyl group-containing polymer 

45 segment and an acrylic polymer segment, or 

(3) the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component, a block copo- 
lymer which comprises a surface-oriented and water-repellent siloxane group-containing polymer segment 
and a (meth)acrylic polymer segment. 

wherein the acid value of the vehicle mixture is from 5 to 100 and the ink composition comprises additionally 
50 0 to 20 parts by weight of a photo-polymerization initiator, 0 to 20 parts by weight of a photosensitizer, 0 to 50 
parts by weight of an organic and/or Inorganic pigment to 100 parts by weight of the above-mentioned vehicle. 

The present invention also relates to the novel radiation-curing type printing ink composition which com- 
prises the mixture of the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component, 
two or three members selected from the group consisting of a fiuorinated double bond-containing carboxylic 
55 ester acid wherein the fluorine component is oriented on the surface of a copolymer or polymer to give water- 
repellency, a block copolymer which comprises a surface-oriented and water-repellent fiuorinated alkyl group- 
containing polymer segment and a (meth)acrylic polymer segment, and a block copolymer which comprises a 
surface-oriented and water-repellent siloxane group-containing polymer segment and a (meth)acrylic polymer 
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segment, wherein the acid value of the vehicle mixture is from 5 to 100 and the ink composition comprises 
additionally 0 to 20 parts by weight of a photo-polymerization initiator. 0 to 20 parts by weight of a photosen- 
sltlzer. 0 to 50 parts by weight of an organic and/or inorganic pigment to 100 parts by weight of the above- 
mentioned vehicle. 

In the case of the printing method according to the present invention, printing may be possible without 
any surface treatment of the thermoplastic resin product prior to the printing process but the surface of the 
thermoplastic resin product may be treated with flame, corona discharge or anchor coating. The composition 
of the radiation-curing ink according to the present invention Is adhered to the plastic product In extremely close 
contact due to the adhesiveness as well as stress-peeling preventive mechanism attributable to the low con- 
tractlvity based on the fundamental structure of oligomer having double bonds and/or polymer thereof. The 
close adhesion of the composition according to the present invention to the plastic body construction even 
without any pretreatment provides a remarkable advantage in curtailing production steps in an overall printing 
process. 

Further, the alkali-removable radiation-curing type ink composition acconding to the present invention con- 
tains thefluorinated double bond-containing carboxylic ester and/or fluorinated block copolymer and/or silicon 
block copolymer, and, upon printing, the fluorine and/or silicon rich parts are oriented on the surface, thereby 
affording chemical resistance, water-repellency, soil resistance and abrasion resistance and enhancing the 
stability during distribution of printed products as well as during its actual use. 

Moreover, the alkali-removable radiation-curing ink composition includes a mixture of alkali metal and dou- 
ble bond-containing (poly)carboxyllc ester having an acid group which facilitates formation of water soluble salt 
or salt capable of water-swelling, and the cured ink film Is removed in a filmy form without difficulty from the 
used printed product by means of treatment with an aqueous alkaline solution. Thereby, regenerative plastic 
resins and products can be recovered in a clean condition. 

The filmy detachment of cured ink film is caused by the permeation of an aqueous alkaline solution through 
the interface between body construction materials and ink film while preventing infiltration of an aqueous al- 
kaline solution from the surface due to the water-repellency created by the surface orientation of double bond- 
containing fluorinated carboxylic ester and/or a fluorinated block copolymer and/or a silicon block copolymer. 
As such, the ink f iim so removed csn be collected In a simple process such as filtration. Thera is no problem 
with water contamination since none of them are discharged into waste water 

Furthermore, the scope of its application is further enlarged in view of the possibility that the volume of 
double bond containing fluorinated carboxylic ester and/or fluorinated block copolymer and/or silicon block co- 
polymer is reduced, and/or the volume of double bond-containing carboxylic ester which is water soluble or 
facilitates generation of water swelling alkali metal salt is increased/reduced to dissolve the Ink as a whole In 
an aqueous alkaline solution and to remove the ink from the surface of the plastic. 

The skeletal linear polyester oligomer having 1 to 10 double bonds In a molecule and its polymer represent 
an oligomer and/or polymer having radiation- polymerizable 1 to 10 double bonds in a molecule which is not 
only indicating the characteristics of being polymerized with radiation by itself but also capable of polymerizing 
in combination with ether raJiaiion-polymerizable double bj J canta ..inr ..vnipounds. 

The double bonds in the said oligomer and/or polymer include those In a vinyl group, allyl group. 
(meth)acryloyl group, crotonyl group etc. but (meth)acryloyl is preferable because of Its better polymerizability 
when radiation is applied. 

For the oligomer and/or polymer having a (meth)acryloyl group, po!yurethane-(meth)acrylate is used In 
particular as it has an adhesive nature in contact with the base or a flexible construction capable of following 
the expansion/contraction of the base. It is more preferable to use polyurethane (meth)acrylate made from 
polyester polyol but in cases where extreme follow-up ability is required, polyurethane {meth)acrylate made 
from poly- 1,4- butadiene polyol is also used. 

The copolymerized polyester polyols are synthesized mainly with dicarboxyllc acid components and glycol 
components. 

The dicarboxylic acid component may include an aromatic dicarboxylic acid such as terephthalic acid, iso- 
phthalic acid and orthophthallc acid and the like in the main and is used in a volume of more than 60 mol%. 
and. for the purpose of affording flexibility, an aliphatic dicarboxylic acid such as succinic acid, adipic acid, 
sebacic acid, dodecane dicarboxylic acid etc. and an alicycllc dicarboxylic acid such as hexahydrophthalic acid 
and tetrahydrophthalic acid are also used in a volume of less than 40 moI%. 

The glycol component may include ethylene glycol, propylene glycol, 1 ,3-propanedlol, 1 .4-butanedlol, 1 ,6- 
hexanediol, neopentyl glycol, diethylene glycol, dipropylene glycol, 1,4-cyclohexanedimethanol, spiro glycol. 
1,4-phenylene glycol, bisphenol A ethylene oxide or polyethylene oxide additive, polyethylene glycol, polypro- 
pylene glycol, and the like. Depending on necessity, a small amount of triols or tetraols such as trimethylol 
propane, glycerine, pentaerythritol and the like may be admixed. 
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In order to synthesize copolymerized polyester polyols from such dicarboxylic acid components and glycol 
components, an excess amount of the glycol component is used per dicarboxylic acid starting component, tt 
is preferable to perform synthesis so that the terminal carboxylic group may be maintained at less than 50 
eq/10« g In the resultant copolymerized polyester. In cases where it exceeds 50 eq/10« g, the target polyur- 
5 ethane (meth)acrylate product will not be obtained due to excessive increase of the inactive ends during re- 
action with diisocyanate compounds at the time of synthesizing urethane polymers. 

In order to obtain urethane acrylate from the copolymerized polyester polyol so synthesized, the said co- 
polymerized polyester, a polyisocyanate compound and a compound having a (meth)acryloyl group as well as 
an active hydrogen group may be reacted. 
10 The polyisocyanate compound may include 2,4-trilene diisocyanate. diphenytmethane diisocyanate, 1.3- 

diisocyanate methylcyclohexane, 1,4-diisocyanate methylcyclohexane, 4,4'-diisocyanate dicyclohexane. 4,4'- 
drisocyanate dicyclohexylmethane, isophorone diisocyanate and a variety of other commercially available dii- 
socyanates. 

In addition, when higher functional acrylates are required, polyisocyanate in a class higher than tri-isocyanate 
15 may be applied atone or in combination with the said diisocyanate. 

The chemical compound having a (meth)acryloyl group and an active hydrogen group refers to a compound 
having at least one double bond and at least one hydroxyl group in one molecule. 

The double bond which can be used in the present invention may be vinyllc, allyllc, (meth)acrylic, crotonic, 
etc. The (meth)acryloyl groups are prefered in view of their high sensitivity against radiation. 

20 The chemical compounds having a (meth)acryloyl group and an active hydrogen group may include di- 

hydric alcohol mono(meth)acrylates such as ethylene glycol mono(meth)acrylate, propylene glycol 
mono(meth)acrylate, butanediol mono(meth)acrylate, diethylene glycol mono(meth)acrylate. dipropylene gly- 
col mono(meth)acrylate and the like; trihydric alcohol mono- or di-(meth)acrylates such as trimethylol ethane 
mono{meth)acrylate, trimethylol ethane di(meth)acrylate, trimethylol propane mono(meth)acrylate, trimethy- 

25 lol propane di(meth)acrylate, glycerine mono(meth)acryiate. glycerine di(meth)acrylate and the like; polyhyd- 
ric alcohol (meth)acrylates having a hydroxy group, including the (meth)acrylate of an alcohol containing 4 or 
more hydroxy groups, such as pentaerythritol mono(meth)acrylate, pentaerythritol di(meth)acrylate, pentaer- 
v'thritol tri(meth)acrylate and dipentaerythritol tetra(meth)acrylate; a chefnica! compound having a hydroxy 
group, derived from (meth)acrylatlon of the caprolactone additive of the aforementioned alcohol; 

30 epoxy(meth)acrylates prepared by a ring-opening addition of (meth)acrylic acids with epoxy compounds, In- 
cluding monoglycidyl ethers; dihydric alcohol diglycidyl ethers such as ethylene glycol diglycidyl ether, poly- 
ethylene glycol diglycidyl ether, propylene glycol diglycidyl ether and neopentyl glycol diglycidyl ether; poly- 
hydrlc alcohol glycidyl ethers such as trimethylol propane triglycidyl ether and the like; the glycidyl ether of a 
chemical compound having a phenolic hydroxy group, such as bisphenol A glycidyl ether and the like. 

35 These compounds may be used singularly or in combination of 2 or more kinds. 

The double bond-containing oligomer and/or polymer which is obtained by reaction of the aforementioned 
starting compounds may be acceptable if it contains at least one double bond, and those having one to 10 
double bonds are utilized for such application. For the purpo-. ;> - b\ y. ..rq e.ty ivick on cured film surface and 
maintaining adhesiveness and flexibility in contact with the base, it is preferable to keep at least 3 to 7 double 

40 bonds in a single molecule. 

The group consisting of a double bond-containing carboxylic acid wherein the acid has at least one acidic 
group which is capable of forming a water-soluble alkali metal salt in a molecule, Its carboxylic ester and its 
carboxylic amide, is regarded, in general, as an "acid monomer" and, its homopolymer and a copolymer with 
higher contents of the acid monomer form water soluble alkali metal salts. 

45 The double bond in the carboxylic acid, carboxylic ester and carboxylic amide may be vinylic. allylic. 

(meth)acrylic. crotonic. etc. 

The (meth)acryloyl groups are preferable in this instance in view of their high radiation-curing ability. The acid 
group capable of forming a water soluble alkali metal salt includes a carboxyl group, sulfonyl group, phosphoryl 
group and the like but an introduction of carboxyl groups into the molecule may serve the purpose under normal 

so circumstance. Each molecule requires at least 1 to 2 carboxyl groups. 

While a simplest carboxyl group-containing acid monomer is (meth)acrylic acid, it is not desirable to be 
used as the starting materials for ink products owing to its strong odor and from the safety point of view. There- 
fore, the acid monomer is synthesized by reacting the compound having a double bond and a hydroxy! group 
In the same molecule, with a cyclic acid anhydride corresponding to its hydroxyl equivalent. The carboxyl 

55 group-containing acid monomers are an acid anhydride-carboxylated (meth)acrylic acid-alkylene oxide addi- 
tive, an acid anhydride-carboxylated (meth)acrylic acid-caprolactone additive, an acid anhydride-carboxylated 
(meth)acrylic acid-monoglycidyl ether additive, an acid anhydride-carboxylated methylol (meth)acrylic amide, 
etc. 
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The acid anhydride includes succinic anhydride, maleic anhydride, itaconic anhydride, dodecylsuccinic anhydr- 
ide, phthalic anhydride, tetrahydrophthalic anhydride, etc. 

The aforementioned compound having at least one double bond and at least one hydroxy! group In one 
molecule can be reacted by addition of a cyclic acid anhydride in an equimolar amount in view of the hydroxy 

5 group in the compound having at least one double bond and at least one hydroxyl group In one molecule fol- 
lowed by heating for a determined period to introduce the carboxyl group. The anhydride to be used for the 
introduction of the carboxyl group includes saturated aliphatic dicarboxylic anhydrides such as succinic anhydr- 
ide and the like, unsaturated aliphatic dicarboxylic anhydrides such as maleic anhydride, itaconic anhydride 
and the like, alicyclic dicarboxylic anhydrides such as tetrahydrophthalic anhydride, hexahydrophthalicanhydr- 

•to ide and the like, aromatic dicarboxylic anhydrides such as phthalic anhydride, naphthenic anhydride and the 
like, tricarboxylic anhydrides such as trimellitic anhydride and the like. 

Furthermore, acrylic acid dimers and acrylic acid trimers produced as by-products in the synthesis of an 
acrylic acid monomer can be used as they are as carboxyl group-containing monomers. 

The carboxylic esters having an acidic group (other than a carboxyl group) capable of forming a water- 
is soluble alkali metal salt are phosphoric acid mono- or di-esters such as mono(meth)acryloxyethyl phosphate. 
(meth)acryloxyethylphosphorylphenyl, di(meth)acryloxyethylphosphate and the like, sulfonic esters such as 
(meth)acryloxyethylsulfonate, dl(meth)acryloxyethylsuccinylsulfonate and the like. 

The above-mentioned double bond and acid group containing carboxylic ester and/or carboxylic acid amide 
may be used singularly or in a mixture of 2 or more, depending on desired final physical properties of the cured 

20 film and its amount to be used may also be determined in the similar consideration. 

The double bond-containing polycarboxylic ester having 2 to 10 acid groups in a molecule which is capable 
of forming a water-swelling alkali metal salt is regarded, in general, as an "acid oligomer" and, its homopolymer 
and/or a copolymer with higher contents of the acid oligomer has a high cross-linking density. Its alkali metal 
salt also has the characteristics of swelling with water absorption. 

25 As in the case of the above-mentioned acid monomer, a preferred double bond-containing group in this 

instance is a methacryloyi or acryloyi group in view of its higher radiation-curing ability. AIsg, the same concept 
is applicable to the acid group which is capable of forming an alkali metal salt. Examples of such acid groups 
are carboxyl f,:*oiips, suifonyl groups srd phosphoryl groups and the bjt carbojiy? is rather popular. While 
the number of the acid group used actually in the application for the present invention ranges from 1 to 10, 

30 the number has to be determined by the molecular weight of the acid oligomer but it is practical to adopt 2 to 
6 for the acid oligomer to be economically synthesized. The acid oligomer is so-called polyfii notional wherein 
the number of double bonds (number of functional groups) in a molecule is more than 2. The starting acid oli- 
gomer having 2 to 6 functional groups are used in many cases. 

The acid oligomer is synthesized through a reaction of an epoxy-acrylate or methacrylate obtainable by 

35 ring-opening esterif ication of a poly-epoxy compound and an acrylic acid or methacrylic acid as starting ma- 
terials, with a cyclic acid anhydride to introduce a carboxyl group. 

The epoxy-(meth)acrylates includes aliphatic epoxy-(meth\?icrylates such as ne^^pentyl glycol diglycidyl 
ether-(meth)acrylic acid sL."itive3, i,6-hexanediol diglycidyl ciher-(meth)acrylic ' a^^i.uves, Irinethylo; 
propane triglycidyl ether-(meth)acrylicacid additives, and the like; aromatic epoxy-acryiates such as bisphenol 

40 A glycidyi ether-(meth)acrylic acid additives. epoxyphenoinovolak-(meth)acrylic acid additives, phthalic acid 
glycidyl ether-(meth)acrylic acid additives, and the like. 

The cyclic acid anhydride to be used for the purpose of introducing a carboxyl group into the epoxy- 
acrylate. may include succinic anhydride, maleic anhydride, dodecynyl succinic anhydride, phthalic anhydride, 
trimellitic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic anhydride and the like. The products 

45 thus created are pendented in a half-esterified form of hydroxyl groups in the epoxy-acrylate by the acid an- 
hydride. 

The double bond-containing carboxylic ester having one or more acid groups may be used singularly or 
in a mixture of more than 2 types. The volume of applicatun is determined depending upon the performance 
required for the ultimate physical properties of cured film. Taking this point in terms of acid value, the mixing 
50 ratio and mixing volume must be determined so that the acid value of whole vehicle may be from 5 to 100, 
preferably in the range of 20 to 50. 

The water-repellent fluorinated double bond-containing carboxylic esters wherein the fluorine component 
in the copolymer is oriented on the surface of the copolymer molecule include fluorinated alcoholic residue- 
containing esters such as trifluoroethyl (meth)acrylate, tetrafluoropropyl (meth)acrylate, octafluoropenty! 
55 (meth)acrylate, heptadecafluorodecyl (meth)acrylate and the like as well as fluorinated macromers wherein 
the base chain has a fluorine group and the side chain is pendented with an acryloyi group, such as UNIRE- 
SIN™ series products manufacturered by Shin-Nakamura Kagaku Kogyo K.K,, Japan. 

These double bond-containing fluorinated carboxylic esters form a film wherein the fluorine components 
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in these double bond-containing fluorinated carboxylic esters are oriented on the surface thereof, to give the 
film water-repeliency, chemical resistance and soil resistance. Furthermore, the film has the effect in facili- 
tating infiltration of an aqueous alkaline solution along the interface between the cured ink film and the base 
since polar groups are pushed toward the base. 

5 The double bond-containing fluorinated carboxylic ester is combined in the range of 1 to 20 parts by weight 

per 100 parts of vehicle, and preferably 3 to 10 parts or so. 

In cases where the volume of the double bond-containing fluorinated carboxylic ester is insufficient, the 
chemical resistance, repellency and soil resistance of the Ink surface is adversely affected, thus making it dif- 
ficult to maintain the value of the printed product at the distribution stage. In cases where It is excessive, the 

10 ink has deteriorated recoating ability, which makes multi-color printing difficult. Since such ink will be too water- 
repellent, it is much detrimental to the infiltration of an aqueous alkaline solutbn for ink removal, thus towering 
work efficiency. 

In the case of the block copolymer made of a fluorinated alkyi group-containing polymer segment and a 
(meth)acrylic polymer segment (fluorine block copolymer), the (meth)acrylic copolymer segment is dissolved, 

15 on the contrary, in the radiation-curing vehicle taking advantage of the high degree of surface orientation of 
the fluoro group contained In the molecule and eventually caught firmly within the hardened substance after 
curing. Therefore, the cured film will get durable water- repellency, chemical resistance, soil resistance and 
abrasion resistance and, concurrently, the polar group in the vehicle is condensed at the side of the base, 
thus improving the effect on infiltration of an aqueous alkaline solution along the interface between the hard- 

20 ened film and the base. 

On the (meth)acrylic polymer segment contained in the fluorinated block copolymer, various functional 
groups such as an amino group, alkylamino group, epoxy group, hydroxyl group, carboxyl group etc. can be 
introduced by selection of (meth)acrylic monomers. The fluorinated block copolymer carrying those functional 
groups can be optionally selected and utilized depending upon the physical properties required for the film 

25 product. When the acid group capable of forming an alkali metal salt, like a carboxyl group, is included, the 
application volume is limited in the range of acid values such as from 5 to 100. Otherwise it may affect the 
acid value of the vehicle. 

Thas'j fluorinareJ i^lock polymers are, for example, ModiperF^'serias proiucts inanufEcturered by Nihon 
Yushi K.K., Japan. The actual application volume of the fluorinated block polymer is 1 to 10 parts by weight 
30 per 1 00 parts by weight of the vehicle, but preferably about 3 to 7 parts. A predetermined volume of the flu- 
orinated block polymer is dissolved in double bond-containing monocarboxylic esters and/or amides which will 
ultimately constitute the vehicle composition followed by addition to the vehicle. 

The block copolymer consisting of a siloxane group-containing polymer segment and a (meth)acrylic poly- 
mer segment (silicon block copolymer) can be used since it indicates good surface orientation. This silicon block 
35 copolymer is capable of affording not only water-repel I ency but also detachment ability from mold and abrasion 
resistance as it indicates better surface orientation similar to those of the fluorine block copolymer. Although 
the water-repellency of the silicon block copolymer is not strong as that of the fluorine block copolymer. It has 
excellent abrasion resistance, and tho j-. ed inr: . , .i ur.ing it has a special feature that prevents any scratches 
during distribution processes of the printed products. Furthermore, it will be effective for the removal of the 
40 film with an aqueous alkaline solution as intended by the present invention. 

In the case of the silicon block copolymer, various polar groups as mentioned above can be Introduced 
into a (meth)acrylic polymer segment by selecting a (meth)acrylic monomer. These may be optionally selected 
and used depending upon the physical film properties ultimately required. 

The silicon block copolymers are, for example, Modiper-FS™ series products manufacturered by Nihon 
45 Yushi k.k., Japan. 

The application volume thereof is in the range of 0.05 to 10 parts by weight In 100 parts of the vehicle but 
preferably 1 to 5 parts by weight under normal circumstances. While it is somewhat inferior in water-repellency 
to the fluorine block-copolymer, an increase in the volume is not necessary to make it up, instead. It is desirable 
to avoid possible deterioration of recoating ability when using bigger volume. 

50 A predetermined volume of this block silicon copolymer is dissolved in double bond-containing monocarboxylic 
esters and/or amides which will ultimately constitute the vehicle composition followed by addition to the vehicle. 

The fluorine block copolymer and/or silicon block copolymer can be used in combination with the double 
bond-containing fluorinated carboxylic ester in a composition comprising either two or three of them. In such 
a case, a synergetic effect ihcluding the excellent water-repellency of the silicon compound and the excellent 

55 abrasion resistance of the silicon block copolymer can be obtained upon combining the two compounds but 
in the case of such a combination, the volume of the fluorine compound shall be 2 to 4 times that of the silicon 
block copolymer so that the intended purpose may be satisfied to the best extent. 

In the case of such a combination, the overall application volume may be 1 to 1 0 parts by weight per 1 00 parts 
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of vehicle, most preferably in the range of 3 to 7 parts by weight. 

The double bond-containing polycarboxylic esters refer to compounds having two or more double bonds 
and sold commercially as conventionally called a "polyfunctional monomer" or a "polyfunctional oligomer". Typ- 
ical of those polyfunctional monomers are dihydric alcohol di{meth)acrylates such as ethylene glycol di- 

5 (meth)acrylate, triethylene glycol di(nieth)acrylate. tripropylene glycol di(meth)acrylate, 1.4-butanediol dl- 
(meth)acrylate, 1 ,6-hexanedlol dl(meth)acrylate, neopentyl glycol di{meth)acrylate, hydroxypivalic acid neo- 
pentyl glycol di(meth)acrylate, EO{ethylene oxide)-modified bisphenol Adi(meth)acrylate, dicyclopentanyl di- 
(meth)acrylate and the like, trihydric alcohol tri(meth)acry1ates such as trimethylol ethane tri(meth)acry[ate, 
trimethylol propane trl(meth)acrylate, glycerine lri(meth)acrylate, trls[(meth)acryloxyethyllisocyanurate and 

10 the like; polyhydric alcohol (meth)acrylates such as pentaerythrltol tetra(meth)acrylate, dltrimethylol propane 
tetra(meth)acrylate, di pentaerythrltol hexa(meth)acrylate and the like. It can be allowed to contain partially 
unesterif led hydroxy groups upon esterif icatlon of trihydric or polyhydric alcohols with (meth)acryllc acids. It 
can be also allowed to have hydroxy groups produced upon ring-opening esterifteatlon of epoxy groups with 
(meth)acrylic acids. 

IS The polyfunctional oligomers are oligomers excluding the double bond-containing linear polyester oligo- 

mers and/or polymers set forth In Claim 1. Typical of those polyfunctional oligomers are epoxy (meth)acrylate, 
urethane (meth)acrylate, polyester (meth)acrylate, polyether {meth)acrylale, polybutadiene (meth)acrylate, 
and the like. 

Among epoxy (meth)acrylate. most conventional examples are a bisphenol-type compound of the formula 

20 (1): 

R OH CH3 1 



25 



35 



wherein n is 1 to 4 and R is H or CH3, and 
30 those wherein the bisphenol skelton is substituted with bisphenol A, bisphenol F, bisphenol S or the like in the 
aforementioned formula (1). A phenolnovolak-type epoxy (meth)acrylate having the folumula (2); 



40 



R OH > ?^ 1^ 

? (2) 
CH2CHCH2'OC0C=CH2 

OH R 



wherein n is 1 to 4 and R is H or CH3, can be used. 

The oligomers include aliphatic epoxy {meth)acrylates such as epichlorohydrin-modified (poly)alkylene 
45 glycol di(meth)acrylates and epoxylated soy bean oil (meth)acrylates. alicyclic epoxy (meth)acrylates such 
as a compound of the formula (3): 



so 




wherein R is H or CH3 and is a residue derived from dicarboxylic compounds by exclusion of -COOH groups 
55 therefrom, depending on demand. 

The urethane <meth)acrylate includes a compound having the formula (4): 
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OH HO 



CH2=C-000- X-l-OC-N-Ri-N-CO- X -U CCXX>CH2 



wherein n is 1 to 4, R is H or CH3, R2 is a residue derived from diisocyanates by exclusion of -NCO groups 
therefrom, and X is a residue derived from polyols by exclusion of OH groups therefrom, and the like. 

In the formula (4), the isocyanates include aromatic diisocyanates such as trilene dilsocyanate, 4,4-diphe- 

10 nyimethane diisocyanate, xylylene diisocyanate and the like, aliphatic diisocyanates such as hexamethyiene 
diisocyanate, trimethyl hexamethyiene diisocyanate and the like, alicyclic diisocyanates such as isophorone 
diisocyanate, methylene bis(4-cyclohexylisocyanate) and the like and the polyols include glycols such as ethy- 
lene glycol, propylene glycol, 1 ,4-butanediol, 1.6-hexanedlol, polyglycol ethers, blsphenol ethers such as 
ethoxylated bisphenol Aand the like, spiro glycol, caprolactone-modrfred diols, carbonated diols and the like. 

IS The urethane (meth)acrylate can be selected from those sold commercially and synthesized by metha- 

crylatlng or acrylating the terminus of a uretane prepared by combination of the diisocyanate with the polyol. 
The polyester (meth)acrylate Is a compound of the formula (5): 



20 



R 
I 



CH2=C-<XXD-H 0-X-OCQ-Y-CO ■ 



Ri R 
CX-0C0C=CH2 



(5) 



wherein n is 1 to 5, R is H or CH3, R^ Is H or CH2=C(R)COO-, X is a residue derived from polyols by exclusion 

25 of OH therefrom, Y is a residue derived from dicarboxylic compounds by exclusion of -COOH groups therefrom, 
etc. A number of such compounds are commercially available and can be selected from those known in the 
art, depending on requirements. 

The poly butadiene (meth)acfylates include those synthesized by methacrylatinc or acryiaVlng il^^oid poly- 
butadiene having at least two terminal hydroxyl groups, compounds wherein the hydroxyl group is coupled with 

30 a (meth)acrylic ester having a hydroxyl group through a diisocyanate. Typical of those are commercially avail- 
able chemicals such as Quinbeam-101 ™ (Nippon Zeon, Japan), TE™ resins (Nippon Soda, Japan), and Ml- 
KERON NU-A™ (Hayakawa Rubber. Japan). 

The purpose of using the polyfunctional monomer and/or oligomer is to create three-dimensional cross- 
linking when polymerization Is conducted with radiation and to afford film hardness, gloss, water- tightness, 

35 chemical resistance and abrasion resistance. 

The above-mentioned polyfunctional monomer and/or oligomer may be used independently but in many 
cases a mixture including two or more types is added as the vehicle component. The application volume is 
determined in consideration whether the cross-iink..,g density -J', -inn ihe curing procr'v ,3 sstisfa-iJior / in ad- 
dition to the other consideration on physical properties thereof such as solubility, and viscosity as well as the 

40 Other vehicle ingredients. Further, in accordance with the intended purpose, adjustment of acid values of the 
vehicle will also be one restriction condition on the determination of application volume In order to achieve the 
elimination with alkali (which is the very subject of the present Invention). In normal cases, 5 to 20 parts by 
weight out of vehicle (100 parts) is used but in case of excessive application, removable stress may occur due 
to cross-linking contraction during a curing process and the ability of adhering to the base may be hampered. 

45 The radiation-curing double bond-containing monocarboxylic acid ester and/or amide is a "mo nofu notional 

monomer" which has a single radiation-curable double bond in a single molecule among the so-called mono- 
mers contained in the radiation-curing type resin compositions, which is used mainly as a diluent to adjust vis- 
cosity in the composition. A number of monofunctional monomers are known in the art. Typical of those mono- 
functional monomers are 2-ethylhexyl (meth)acrylate. cyclohexyl (meth)acrylate, dicyclopentanyl 

50 (meth)acrylate, benzyl (meth)acrylate. phenoxyethyl (meth)acrylate. tolyloxyethyl (meth)acrylate, ethoxye- 
thyi (meth)acrylate. ethylcarbitol (meth)acrylate, isobornyl (meth)acrylate. methoxypropylene glycol 
(meth)acrylate, acryloylmorpholine, N-vinylpyrrolidone, N-vinylcaproiactam, N.N-diethylaminoethyl 
(meth)acrylate, t-butylaminoethyl (meth)acrylate. etc. 

Furthermore, the adhesiveness of the monofunctional monomer is remarkably improved when it includes 

55 a polar group such as a hydroxyl group, epoxy group, phosphoric ester group and the like in its molecule, which 
may be utilized to the extent not to deteriorate water-tightness in the present Invention. 

Such monofunctional monomers include 2-hydroxy ethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate. 
3-butoxy-2-hydroxypropyl (meth)acrylate, caprolactone-modified 2-hydroxyethyl (meth)acrylate, 3-phenoxy- 



9 



EP 0 588 534 A2 



2-hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, EO-modified butoxylated phosphoric acid 
(meth)acrylate, etc. 

These monofunctional monomers are applied alone or in admixture with two or more components. The 
amount of monomer can vary between 5 and 40 parts per 100 parts of the ink vehicle. The viscosity may be 
5 conventionally controlled between 10 and 30 parts of the monofunctional monomers. 

The aforementioned ink vehicle components are mixed in the desirable ratio determined through experi- 
ments to produce ink vehicles. The composition ratio is determined by adjusting the acid value from about 5 
to 100 in order to achieve the prime purpose of the present invention which is to remove the ink with an aqueous 
alkaline solution. In producing the ultra-violet-curing type ink by using the vehicle so obtained, a photopoly- 
10 merization Initiator, a photosensltizer, an organic and/or inorganic pigment and other additives can be added, 
but when applying EB (electron beam) curing, the photopolymerization initiator and the photosensltizer are not 
necessary. 

A number of photopolymerization initiators which can be used in ultraviolet-initiated polymerization are 
known in the art. Typical of those available initiators include benzophenone, diethoxyacetophenone, 1-hydrox- 

15 ycyclohexyl phenyl ketone, 2-methyl-(4-methylthiophenyI)-2-morpholinopropan-1-one, benzoylalkyi ether, 
benzil, benzildimethylketal, camphorquinone, 2-ethylanthraqulnone, methyl benzoylbenzoate, 4-phenylben- 
zophenone, 3,3"-dimethyl-4-methoxybenzophenone, thioxaneson, 2.4-diethylthioxanthone, methyl phenyl- 
glyoxylate, benzoylphosphlne oxide, 1-trimethylbenzoyldiphenylphosphine oxide, etc. 

Typical of known photo sensitizers are triethanoiamine, methyldiethanolamine, triisopropanolamine, 4,4'- 

20 diet hylaminobenzophe none, ethyl 4-dimethylaminobenzoate, n-butoxyethyl 4-dimethylaminobenzoate, isoa- 
myl 4-dimethylaminobenzoate. and the like. 

The above-mentioned photopolymerization initiator may be used alone but, in many cases, its photopoly- 
merizability is improved in a combined use with the photosensitizer. The most suitable photo-polymerization 
initiator and photosensltizer can be selected depending upon the vehicle compositton to be applied. The stan- 

25 dards applicable to such selection is curing speed, coloration during curing processes, existence of combined 
use of pigment, strength of odor after curing and the like, which is modified upon studies reflecting respective 
purposes. The application amount is possibly in the range of 1 to 20 parts by weight for the photo-polymeri- 
zation initiator and photosensitizer respectively as against the ink v:jhid2 a? a whole but it is not preferable to 
use a large amount in view of the resultant effect that the molecular weight will not Increase and the strength 

30 of the cured film will deteriorate and undesirable strong odor will be generated though curing progress will get 
accelerated. 

The most preferable application range is 2 to 10 parts by weight in combination use of both of them. In such 
case, the amount ratio between the photopolymerization initiator and photosensltizer to be required varies de- 
pending upon the type and composition of the vehicle available. Also, in the case of ink containing an additional 
35 coloring pigment described below, the said ratio has to be changed reflecting the unique uitraviolet absorption 
ability of the pigment. 

The pigment is roughly classified into an organic pigment and an inorganic pigment acconiing to the chertv 
leal composition. It can be also classified into a colored pigment «r- y uji:jriess pigment (extender) in view of 
the application. With reference to the radiation-curing, the role of the end use classification is more important. 

40 Amongthe colored pigments, the inorganic pigments include white pigments such as white lead, zinc oxide, 

zinc sulfide, titanium dioxide and the like, blue pigments such as ultramarine blue, iron blue, cobalt blue and 
the like, green pigments such as chromium oxide, pyridium, chrome green and the like, chrome yellow, titan 
yellow, iron oxide yellow, molybdate orange, cadmium pigments, yellow to red pigments such as red oxide, 
black pigments such as iron black, titan black, carbon black and the like, metal pigments such as aluminium 

45 powder and bronze powder, pearl pigments such as mica. However, there are many types of the inorganic pig- 
ment which can not be used for sanitary reasons. 

Thus, a harmless one is selected out of the above-mentioned pigments. The organic pigments include mono- 
azo-pigments, diazo-pigments, condensed azo-pigments, indent hrone pigments, indigo pigments, thioindigo 
pigments, quinacridone pigments, phthalocyanine pigments, dioxazine pigments, isoindolinone pigments, pyr- 
50 rolopyrrole pigments and the like. 

It is desirable to select the pigment with fast color having strong light resistance in compliance with the radiation 
curing method. 

The application amount of the above pigments varies depending on the intended color depth but in most 
cases it falls in the range of 0.5 to 50 wt%. While the amount is restricted by coloring strength, being the pigment 
55 specificity, the amount ranges from 1 5 to 40 wt% in the case of titanium dioxide {representative white pigment), 
and from 3 to 6 wt% in the case of carbon black (black pigment). In the case of an organic pigment. 3 to 10 
wt% is desirable in order to attain distinct color and 4 to 6 wt% is desirable when curing is conducted with ul- 
traviolet radiation. Generally speaking, the vehicle described in Claim 1 has better dispersing ability since it 
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contains many polar groups like a carboxyl group. However, in order to achieve still better coloration, a large 
amount of pigment is combined with the vehicle which Includes a small amount of pigment dispersing agent, 
thus creating a condition physically susceptible to crushing pressure by utilizing improvement in the viscosity 
owing to its oil absorption, followed by sufficiently kneading with the conventional medium dispersing equip- 

5 ment in the coloring material production industry, such as a ball mill or roll mill. When the ink Is composed by 
mixing, the resultant dispersed pigment (toner) in a high concentration is adjusted with the additional vehicle 
to meet the predetermined pigment density. 

For the radiation-curing type ink component employed in the present Invention, which is detachable with 
alkali, various colorless pigments (extenders) may be utilized for the purpose of maintaining the special feature 

10 as a printing ink such as viscosity, fluidity and thixotropy. of maintaining and increasing ink thickness, and of 
affording contraction buffer while curing, surface dull-finishing, and slipperiness, as well as of improving 
film' strength. The popular extenders include inorganic types such as talc, kaolin, silica, precipitated barium 
sulfate, precipitated calcium carbonate, alumina white, white carbon and the like, and waxes such as polyethy- 
lene wax, polypropylene wax. polyfluorinated polyethylene wax and the like, and fine powders of artificial 

15 and/or natural polymers such as a polyamide resin, polyimlde resin, melamine resin, or benzoguanamine resin, 
cellulose, collagen and the like. 

The amount of those pigments may be optionally determined in compliance with the respective purpose. Asur- 
facer and/or defoamer may be Included In the radlatlon-curing type ink composition according to the present 
invention which is detachable with alkali in order to adjust the finishing condition of the cured film. These agents 

20 shall be selected firom the various types of surfacers and defoamers available in the market through experi- 
ments as to whether they are well melted in the vehicle composition and provide surface smoothness. Appli- 
cation types or amounts thereof never impose a restriction on the contents of the ink composition according 
to the present invention, and they may be determined from time to time but normally as a total volume of the 
surfacer and/or defoamer. they are used in an amount of from 0.5 to 5 wt% per overall volume of ink. 

25 In addition, an ultraviolet absorbing agent, a wetness improving agent, an anti-oxidizing agent and the like 

may be employed as the case may be. 

The Ink using the radiation -curing type ink composition according to the present invention which is detach- 
able with alkali is used mainly for a screen printing method but it may be useful In other applications such as 
other printing methods such as flexography and gravure printing when it Is adjusted to have less viscosity with 

30 the help of an organic solvent or a mixture thereof. 

The printings with the radiation -curing type ink having a removable nature by alkali on polyethylene ter- 
ephthalate resins can be easily and removed by dipping the printings in a aqueous strong alkaline solution such 
as sodium hydroxide and potassium hydroxide for a short time and no drastic treatment such as hydrolysis on 
polyethylene terephthalate is required. For removal, there are several steps ranging from dissolving detach- 

35 ment to filmy detachment, which make it possible to attain the intended performance by controlling the volume 
ratio of (B). (C) and (D). In any case, selection of detachment conditions is determined considering the method 
of waste treatment after removal but after detachment the polyethylene terephthalate resin can be recovered 
in a condition ciean enough for regeneration cnC ^o-jse through rather & oirnpls method such as washing with 
water and drying. 

40 While the condition for detaching the Ink composition by alkali varies depending the ratio of weight of (B), 

(C) and (D), it is preferable to have alkaline concentration at 5% or more, temperature at 70 "C or more and 
duration for 5 minutes or more. However, it may be practical to use an alkaline concentration of 1% and a tenrv 
perature of 50 "C by applying an extended time of immersion in an alkaline solution or immersion while brushing 
the printed surface, or by controlling the ratio of (B), (C) and (D), or by reflecting additional conditions brought 
45 by the printing and curing processes and the like. 

When the alkali removing treatment is adopted on a commercial scale, it may be performed by the selective 
application of those conditions. 

The method for printing letter, design, figure and the like with the above-mentioned printing ink includes 
a silk-screen printing method. In this method, in general, a silk-screen with the range of 254 to 330 mesh is 
50 normally utilized. A roughened surface of the plastic product may be preferably printed with the printing ink. 

Further, the ultraviolet radiation used on the printing surface with the printing ink containing the said ra- 
diatbn-curing resin vehicle Is conducted normally using a high pressure mercury-vapor lamp or metal halide 
lamp and the like, wherein its wavelength Is 200 to 450 nm or so. 

The integrated ultraviolet exposure is preferably in the range of 100 to 500 mj/cm^. Also, In the case of electron 
55 radiation, the radiation volume is normally In the range of 10 to 100 KGy, preferably in the range of 30 to 60 
KGy. 

The method for printing the plastic product is to first carry out printing with the printing ink having the ra- 
diation-curing type composition according to the present invention, and then to harden the radiation-curing in- 
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gredients in the printing ink by applying radiation to the printed surface. 

For the thermoplastic resin product, various resin products such as polyester resin products and polyolefin 
resin products can be utilized but. among all, the polyethylene terephthalate product is particularly preferable. 
The polyethylene terephthalate which can be used in the present invention stands for polyester having ethylene 
terephthalate repeating units, which comprises basically terephthalic acid as the acid content and ethylene 
glycol as the glycol content, but may contain at least one acid component and at least one glycol component 
for copolymers. 

The acid component may include isophthalicacid, diphenyl ether-4,4*-dicarboxylic acid, naphthalene-1,4- or 
-2,6-dicarboxylic acid, adipic acid, sebacicacid, decane-1 ,4-drcarboxylicacid, hexahydroterephthalicacid, and 
the like. The glycol component may include propylene glycol, 1 ,4-butanediol, neopentyl glycol, diethylene gly- 
col, polyethylene glycol, polypropylene glycol, polytetramethylene glycol, cyclohexanedimethanol, 2,2-bis(4- 
hydroxyphenyl)propane, 2,2-bis(4-hydroxyethoxypheny1)propane, p-hydroxy benzoic acid, and the like. The 
acid and glycol components may be each mixed within the range of less than 50 wt% for each content in the 
copolymer content as a whole. 

The polyethylene terephthalate may contain additives such as a coloring agent, an ultraviolet-absorbing 
agent and an anti-static agent in an appropriate proportion as the case may be. 

The polyethylene terephthalate product includes containers made of, as starting materials, saturated poly- 
esters such as polyethylene terephthalate by molding. 

The containers to be used in the method for printing on the surface of a container body include polyester 
containers obtained by processes such as hollow molding, blow molding with double axle extention or injection 
molding and the like. 

The following working examples and preparation examples are intended to illustrate the Invention in further 
detail and should by no means be construed as limiting the scope of the invention. 

Preparation Example 1 

A double bond-containing oligomer and/or polymer which can be used in the following Working Examples 
is prepared by urethane-acrylating the copolymerized polyester polyols of the following composition (1) with 
the following compositions (2); 

(1) Copolymerized polyester polyol 





A 


B 


(Dicarboxylic acid components) 






Terephthalic acid 


30 


50 


Isophthalic acid 


30 


50 


Orthophthalic acid 


40 




(Glycol components) 






Ethylene glycol 


55 


50 


Neopentyl glycol 


45 


50 


Molecular weight of copolymer 


1900 


3000 




(part by weight) 



(2) A double bond-containing oligomer and/or polymer 
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(Copolymerized polyester polyo! components 


A-1 


B-2 




A 


100 




c 

O 


B 




100 




(Polyisocyanate components) 








Isophorone diisocyanate 


28 


27 


fV 


(Hyroxyi group-containing methacrylic or acrylic esters) 








Pentaerythritol triacrylate 




40 




2-Hydroxyethyi acrylate 


13 




15 


Molecular weight 


2500 


3600 






(part by weight) 



Preparation Example 2 

A double bond and carboxyl group-containing carboxylic ester is prepared as follows: 
(a) 

Bisphenol A glycidyl ether (190.0 g, 190.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), dime- 
thyl benzylamine (2 g) and p-methoxyphenol (0.2 g) were placed in a flask equipped with a thermometer, 
stirrer and reflux condenser and dissolved homogeneously followed by heating to 80 '^'C and standing for 
24 hours to afford an epoxy acrylate with 10.3 acid value. Then, the product was reacted with phthalic 
anhydride (140.6 g. 0.95 mol) and the mixture stood at 80^C for 5 hours to produce a bisphenol A epoxy 
acrylate-phthalic ester (viscous pale yellow product. 130.7 acid value), 
(b) 

Epoxy novolak resins (190.0 g, 190.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), tetramethy- 
lammonium chloride (2.0 g) and p-methoxyphenol (0.2 g) were placed in a container similar to the above 
(a) and dissolved homogeneously followed by heating to 80°C and standing for 24 hours to afford an epoxy 
acrylate with 10.5 acid value. Then, the product was reacted with succinic anhydride (95 g, 0.95 mol) and 
the mixture stood at 80 for 5 hours to produce an epoxy novolak acrylate-succlnic ester (viscous pale 
yellow product, 145.2 acid value), 
(c) 

Glycerine triglycidyl ether (150.0 g, 150.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), tetrabu- 
tylphosphonium bromide (2.0 g) and p-methoxyphenol (0.2 g) v/ere placed in a container similar to the 
above (a) and dissolved homogeneously followed by heating to 80 *C to afford an epoxy acrylate with 9.5 
acid value. Then, the product was reacted with hexahydrophthalic anhydride (145 g, 0.95 mol) and the 
mixture stood at 80 ""C for 5 hours to produce a glycerine epoxy acrylate-hexahydraphthalic ester (viscous 
pale yellow product, 141.3 acid value). 



Working Example 1 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (24.4 g), an aliphatic ur- 
ethane acrylate (7.8 g), a fluorine macromer (25.7 g), monoacryloyloxyethyl phthalate (6.3 g), the bisphenol 
A epoxy acrylate-phthalic ester obtained in Preparation Example 2, (a) (3.2 g), trimethylol propane triacrylate 
(2.0 g). phenoxyethyl acrylate (14.2 g). and acryloylmorpholine (16.4 g) were mixed to give a vehicle mixture 
with 17.6 acid value. 

One hundred parts of the vehicle were admixed with 15 parts of mistrone vapor talc, 10 parts of benzildi- 
methyl ketal. 5 parts of dimethylaminobenzoic acid ethyl ester. 3 parts of polyethylene wax powders and 1 
part of a surfacer, BYK-306^ (Byk-Mallinckrodt Chemische Produkte GmbH) and 0.1 part of a thermal poly- 
merization inhibitor, phenothiazine and the mixture was treated by a roll mill to produce a colorless Ink with 
dispersion particle sizes of less than 5 microns. 

An untreated polyethylene terephthalate sheet was screen printed with the ink thus obtained by means 
of a 300 mesh Tetron*^ screen and the printed product was radiated with a 120 W/cm metal halide lamp to the 
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extent of integrated ultraviolet exposure of 200 mj/cm2 to obtain a cured film. The film so prepared did not show 
any sign of exfoliation at a peei-off test with a cellulose adhesive tape but it showed close adhesion to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 ''C for 20 minutes, the cured film detached in a filmy form and no trace of prints was observed 
5 on the polyethylene terephthalate base. 

Working Example 2 

The double bond-containing oligomer obtained in Preparation Example 1, B-2 (177g) was dissolved in 118 
10 g of phenoxyethyl acrylate, and the resultant solution was mixed with a pigment disperser (1.5 g, SOL- 
SPERSE™ 24000/SOLSPERSE™ 5000=4/1 , manufactured by ICI. Great Britain), followed by addition of He- 
liogen Blue-L-7080™ (manufactured by BASF). The mixture was kneaded extensively with a roll mill to produce 
toners with dispersion particle sizes of less than 5 microns. 

The toners thus obtained (41 .6 g) were well mixed with dipentaerythritol hexaacrylate (8.4 g), trimethylol 
15 propane triacrylate (4.6 g), trimethylol propane triepoxy-acrylate (4.6 g), monoacryloyloxyethyl phthalate (8.7 
g), the glycerine epoxy acrylate-hexahydrophthalic ester obtained in Preparation Example 2, (c) (2.2 g), octa- 
fluoropentyl acrylate (8.8 g), and acryloylmorphollne (21.0 g) to give colored ink vehicles (with 21.5 acid value). 

One hundred parts of the colored ink vehicle were admixed with 3.0 g of a photopolymerlzatlon initiator, 
diethylthioxanthone. 3.0 g of a photosensitizer, isoamyl 4-dimethylamlnobenzoate , 35 g of precipitated barium 
20 sulfate. 3 g of f luorlnated polyethylene wax, 2 g of a surfacer (VERSA-FLOW BASE™ manufactured by Sham- 
rock Chemicals Corp.). 0.04 g of a thermal polymerization inhibitor, p-methoxyphenol and well mixed by stirring 
followed by kneading by a roll mill to give a homogenous blue ink. 

An untreated polyethylene terephthalate sheet was screen printed with the ink thus obtained in the same 
manner as described in Working Example 1 and the printed product was radiated with a 1 20 W/cm metal halide 
25 lamp to the extent of integrated ultraviolet exposure of 300 mj/cm2 to obtain a cured film. The film so prepared 
did notshow any sign of exfoliation at a peel-off test with a cellulose adhesive tape but it showed close adhesion 
to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 ''C for 20 minutes, the cured film detached in a filmy form and no trace of prints was observed 
30 on the polyethylene terephthalate base. 

Working Example 3 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (14.2 g), an aliphatic ur- 

35 ethane hexaacrylate (4.9 g). a fluorine macromer (5.9 g), monoacryloyloxyethyl succinate (4.5 g), the epoxy 
novolak acrylate-succinic ester obtained in Preparation Example 2, (b) (2.5 g), trimethylol propane triepoxy- 
acrylate (3.9 g), tolyloxyethyl acrylate (3.9 g). phenoxysihyl acrylate (9.4 g), and acryloy!morpho!ine (9.8 g) 
were mixed to give an ink vehicle mixture with 25.8 acid value. 

A pigment dispersing agent, Disperbyk-110™ (0.5 g, manufactured by Byk-Mallinckrodt Chemische Pro- 

40 dukte GmbH) was added to the ink vehicle mixture and the resultant mixture was mixed homogeneously by 
stirring. Then, 30.0 g of titanium oxide, TIPAQUE CR-580"* (Tshihara Sangyo K.K., Japan), 6.0 g of a photo- 
polymerization initiator acylphosphine oxide, 2.0 g of fluorinated polyolefin wax, 1.5 g of a surfacer. VERSA- 
FLOW BASE™ (manufactured by Shamrock Chemicals Corp.). 1.0 g of a defoamer, AQUALEN N™ (manufac- 
tured by Kyoeisha Yushi K.K., Japan), and 0.04 g of a thermal polymerization Inhibitor, p-methoxyphenol were 

45 added to the mixture followed by stirring for a while and the product was kneaded by a roll mill to give an ink 
with dispersion particle sizes of less than 5 microns. 

An untreated polyethylene terephthalate sheet was screen printed with the ink thus obtained in the same 
manner as described in Working Example 1 and the printed product was radiated with a 120 W/cm metal halide 
lamp to the extent of integrated ultraviolet exposure of 300 mj/cm^ to obtain a cured film. The film so prepared 

50 did not show any sign of exfoliation at a peel-off test with a cellulose adhesive tape but it showed dose adhesion 
to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 "C for 30 minutes, the cured film detached in a filmy form and floated in the solution. No trace 
of prints was observed on the polyethylene terephthalate base. 

55 

Working Example 4 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (19.6 g), phenoxyethyl ac- 
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rylate (19.7 g). tolyloxyethyl acrylate (6.6 g), acryloylnriorpholine (16.1 g), trimethylol propane trlepoxyacrylate 
(6.6 g), 6 functional group-containing urethane EBECRYL™ (8.2 g, manufactured by DAICEL UCB Co., Ltd), 
monoacryloyloxyethyl phthalate (7.2 g), the bisphenol A epoxyacrylate-phthalic ester obtained In Preparation 
Example 2, (a) (2.0 g), and the block copolymer solution (14.0 g) which is prepared by mixing and dissolving 

5 acryloylmorpholine (71 .0 wt%), a fluorine block copolymer. Modiper F600™ (20.5 wt%. Nippon Yushi K.K.. Ja- 
pan) and a silicon block copolymer, Modiper FS700™ (8.5 wt%, Nippon Yushi K.K., Japan), were mixed by stir- 
ring to give homogeneous vehicles with 17.9 acid value. 

Then, a pigment disperser, Anti-Terra-U™ (0.2 g, manufactured by Byk-Mallinckrodt Chemische Produkte 
GmbH) and p-methoxyphenol (0.05 g) were dissolved in the vehicle (92.0 g) in advance, followed by dispersing 

10 Raven 450™ (1 .5 g. manufactured by Columbian Chemicals Co.), Raven 1 350™ (1 .5 g, manufactured by Co- 
lumbian Chemicals Co.) and Titan Black 10S™ (5.0 g. manufactured by Mitsubishi Material K.K., Japan) and 
kneading by a roll mill extensively to afford coloring vehicles with dispersion particle sizes of less than 5 mi- 
crons. 

To 96.5 g of the coloring vehicle were added 2.0 g of a fluorinated polyolef in wax, 0.5 g of a surfacer, BYK- 
15 306™ (manufactured by Byk-Mallinckrodt Chemische Produkte GmbH) and 1.0 g of a defoamer, Aqualene™ 
(manufactured by Kyoeisha Yushi K.K.. Japan), and the resultant mixture was stirred extensively by a dissolver 
to produce a black ink for EB curing. 

An untreated polyethylene terephthalate sheet was screen printed with the black ink thus obtained by 
means of a 330 mesh screen and the printed ink was cured in 6 Mrad (165 KV, 3.2 mA. 10 m/min.) with an EB 
20 radiation device, CB250/1 5/1 SOL™ (manufactured by I wasaki Denki K.K., Japan) to form a tack-free cured coat- 
ing film. The film so prepared did not show any sign of exfoliation at a peel-off test with a cellulose adhesive 
tape but It showed close adhesion to the base. 

When the cured film was dipped in a 5% aqueous solution of sodium hydroxide at 80 *C for 5 minutes, the 
cured film detached in filmy form completely from the base. Neither trace of prints nor any sign of erosion by 
25 an aqueous alkaline solution was observed on the polyethylene terephthalate base. 



Claims 

30 1. A radiation-curing ink composition which comprises a vehicle mixture comprising: 

(A) an ingredient selected from the group consisting of a skeletal linear polyester oligomer having 1 to 
10 double bonds in a molecule and a polymer of the oligomer. 

(B) an ingredient selected from the group consisting of a double bond-containing carboxylic acid where- 
in the acid has at least one acidic group which is capable of forming a water-soluble alkali metal salt 

35 in a molecule, a carboxylic ester of the acid and a carboxylic amide of the acid, 

(C) a double bond-containing carboxylic ester, having 2 to 1 0 acidic groups which are capable of forming 
an alkali metal salt capable of swelling with water absorption, 

(D) an ingredient selected from the group consisting of a fluorinated double bend-containing carboxylic 
ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give water- 

40 repellency, a block copolymer which comprises a surface-oriented and water-repellent fluorinated alkyi 

group-containing polymer segment and a (meth)acrylic polymer segment, and a block copolymer which 
comprises a surface-oriented and water-repellent slloxane group-containing polymer segment and a 
(meth)acrylic polymer segment, 

(E) a double bond-containing polycarboxyiic ester, and 

45 (F) an ingredient selected from the group consisting of a double bond-containing monocarboxylic ester 

and its amide, wherein the acid value of the vehicle mixture is from 5 to 100. 

2. The radiation-curing ink composition according to claim 1 . wherein the ink composition further comprises 

n t-^ on ^o^fr. Kw ...fl.:nhf ^ r%k<-vf<->r%»l</m£>ri7'afinn initrati^r H tr\ OCi nflrtfi hv weloht of 3 DhOtOSensitizer, 0 
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The radiation-curing ink composition according to ciaim i . wnerein me ihk compoiiuui. mi u.c. y.^,,,^..,^^^ 
0 to 20 parts by weight of a photopolymerization initiator. 0 to 20 parts by weight of a photosensitizer. 0 
to 50 parts by weight of an organic and/or inorganic pigment to 100 parts by weight of the said vehicle 



mixture. 



3. The radiation-curing ink composition according to daim 1, wherein the ingredient (A) Is an oligomer or 
polymer selected from those which contain at least one vinyl group, altyl group, (meth)acryloyl group, or 

55 crotonyl group. 

4. The radiation-curing ink composition according to claim 1. wherein the ingredient (A) Is an oligomer or 
polymer selected from polyurethane (meth)acrylates derived from a polyester polyol compound, a polyi- 
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socyanate compound and a compound having a methacryloyi or acryloyi group and an active hydrogen 
group as starting compounds. 

5. The radiation-curing ink composition according to claim 4, wherein the polyester polyol compound is syn- 
thesized from a dicarboxylic acid component and a glycol component wherein the dicarboxylic acid conv 
ponent is selected from the group consisting of an aromatic dicarboxylic acid, an aliphatic dicarboxylic 
acid, an alicyclic dicarboxylic acid and a heterocyclic dicarboxylic acid and the glycol component Is se- 
lected from the group consisting of an alkylene glycol, a dialkylene glycol, cyclohexanedimethanol, spiro 
glycol, 1 .4-phenylene glycol, a bisphenol A ethylene oxide or polyethylene oxide additive, and polyethy- 
lene glycol. 

6. The radiation-curing ink composition according to claim 4, wherein the polyisocyanate compound is se- 
lected from the group consisting of 2,4-trilene diisocyanate, diphenylmethane diisocyanate, 1,3-diisocyan- 
ate methylcyclohexane. 1,4-diisocyanate methylcyclohexane, 4,4'-diisocyanate dicyclohexane. 4,4'-dii- 
socyanate dicyclohexylmethane, and isophorone diisocyanate. 

7. The radiation-curing ink composition according to claim 4, wherein the compound having a methacryloyi 
or acryloyi group and an active hydrogen group is selected from the group consisting of a dihydric alcohol 
mono(meth)acrylate, trihydric alcohol mono- or di-(meth)acrylate, polyhydric alcohol (meth)acrylate hav- 
ing at least one hydroxy group, a (meth)acrylate of an alcohol containing 4 or more hydroxy groups, a 
hydroxy group-containing compound derived from {meth)acrylation of a caprolactone additive of the afore- 
mentioned alcohol, and a ring-opening additive of a methacrylic or acrylic acid with the glycidyl ether of 
a dihydric or polyhydric alcohol or a phenolic hydroxy group-containing compound. 

8. The radiation-curing ink composition according to claim 1 , wherein the ingredient (B) is selected from the 
group consisting of a monomer which contains at least one vinyl group, allyl group, (meth)acryloyl group, 
or crotonyl group, and at least one carboxyl group, sulfonyl group, or phosphor yl group, a homopolymer 
of the monomer and a copolymer of the monomer. 

9. The radiation-curing ink composition according to daim 1, wherein the ingredient (B) is synthesized by 
reacting a compound having a double bond and a hydroxyl group in the same molecule, with a cyclic acid 
anhydride corresponding to its hydroxyl equivalent, 

10. The radiation-curing ink composition according to claim 1 , wherein the ingredient (B) is selected from the 
group consisting of an acid anhydride-carboxytated <meth)acrylic acid-alkylene oxide additive, an acid an- 
hydride-carboxylated (meth)acrylic acid-caprolactone additive, an acid anhydride-carboxylated 
(meth)acrylic acid-monoglycidyl ether additive, an acid anhydride-carboxylated methylol (meth)acrylic 
amide, (meth)acryloxyethy!phosphate, (meth)acryloxyethylphosphorylphenyl, di(meth)acryloxyethyl- 
phosphate, (meth)acryloxyethylsulfonate, and di(meth)acryloxyethylsuccinylsulfonate. 

11. The radiation-curing ink composition according to claim 10, wherein the acid anhydride is selected from 
the group consisting of saturated or unsaturated aliphatic dicarboxylic anhydrides, alicyclic dicarboxylic 
anhydrides, aromatic dicarboxylic anhydrides and tricarboxylic anhydrides. 

12. The radiation-curing ink composition according to claim 1 0, wherein the acid anhydride is succinic anhydr- 
ide, maleic anhydride, itaconic anhydride, dodecylsuccinic anhydride, phthalic anhydride or tetrahydroph- 

thalic anhydride. 

13. The radiation-curing ink composition according to claim 1 , wherein the ingredient (C) is selected from the 
group consisting of a monomer which contains at least one vinyl group, ally! group, (meth)acryloyl group, 
or crotonyl group, and at least two carboxyl groups, sulfonyl groups, or phosphoryl groups, a homopolymer 
of the monomer and a copolymer of the monomer. 

14. The radiation-curing ink composition according to daim 1. wherein the ingredient {C) is synthesized by 
reacting an epoxy-acrylate or methacrylate obtainable by ring-opening esterif icatlon of a poly-epoxy conrv 
pound and a methacrylic acid or acrylic acid, with a cydic add anhydride. 

15. The radiation-curing ink composition according to claim 14, wherein the epoxy-acrylate or methacrylate 
is selected from the group consisting of neopentyl glycol diglycidyl ether-(meth)acrylic acid products. 1.6- 
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hexanediol diglycidyi ether-(meth)acrylic acid products, trimethytol propane triglycidyl ether- 
(meth)acrylic acid products, bisphenol Aglyctdyl ether-(meth)acrylic acid products, epoxy phenol novolak- 
(meth)acrylic acid products, and phthalic acid glycidyl ether-(meth)acrylic acid products. 

16. The radiation-curing ink composition according to claim 14, wherein the acid anhydride is succinic anhydr- 
ide, maleic anhydride, itaconic anhydride, dodecylsuccinic anhydride, phthalic anhydride, trimellltic an- 
hydride or tetrahydrophthalic anhydride. 

17. The radiation-curing ink composition according to claim 1 , wherein the ingredient (D) is a water-repellent 
fluorinated double bond-containing carboxylic ester wherein the fluorine component In the copolymer Is 
oriented on the surface of the copolymer. 

18. The radiation-curing ink composition according to claim 17, wherein the carboxylic ester is a fluorinated 
alcoholic residue-containing ester or a fluorinated macromer wherein the base chain has a fluorine group 
and the side chain is pendented with an acryloyi or methacryloyi group. 

19. The radiation-curing ink composition according to claim 17, wherein the carboxylic ester is selected from 
the group consisting of trifluoroethyl (meth)acrylate, tetrafluoropropyl (meth)acrylate. octafluoropentyl 
(meth)acrylate, and heptadecafluorodecyl (meth)acrylate. 

20. The radiation-curing ink composition according to claim 17, wherein the carboxylic ester is combined in 
the range of 1 to 20 parts by weight per 100 parts of the vehicle mixture. 

21. The radiation-curing ink composition according to claim 1 , wherein the ingredient (D) is a block copolymer 
which comprises a surface-oriented and water-repellent fluorinated alkyi group-containing polymer seg- 
ment and a (meth)acrylic polymer segment. 

22. The radiation-curing ink composition according to claim 21, wherein the block copolymer is combined in 
the range of 1 to 10 parts by weight pc 100 parts of the vehicis mixture. 

23. The radiation-curing ink composition according to claim 1 , wherein the ingredient (D) is a block copolymer 
which comprises a surface-oriented and water-repellent slloxane group-containing polymer segment and 
a (meth)acryiic polymer segment 

24. The radiation-curing ink composition according to claim 23, wherein the block copolymer is combined In 
the range of 0.5 to 10 parts by weight per 100 parts of the vehicle mixture. 

25. The radiation-curing ink composition according to claim 1. wherein the ingredient (D) is the mixture of two 
or three members selected firom the group consisting of 

(1) a water-repellent fluorinated double bond-containing carboxylic ester wherein the fluorine compo- 
nent in the copolymer is oriented on the surface of the copolymer molecule, 

(2) a block copolymer which comprises a surface-oriented and water-repellent fluorinated alkyI group- 
containing polymer segment and a acrylic polymer segment, and 

(3) a block copolymer which comprises a surface-oriented and water-repellent siloxane group- 
containing polymer segment and a (meth)acrylic polymer segment 

26. The radiation-curing ink composition according to claim 25, wherein the total amount of said three com- 
ponents is in the range of 1 to 10 parts by weight per 100 parts of the vehicle mixture. 

27. The radiation-curing ink composition according to claim 1 , wherein the ingredient (E) is selected from the 
group consisting of dihydric alcohol di(meth)acrylates, trihydric alcohol tri(meth)acrylates. polyhydric al- 
cohol (meth)acrylates. epoxy (meth)acrylates, urethane (meth)acrylates. polyester (meth)acrylates, 
polyether (meth)acrylates, and polybutadiene {meth)acryiates. 

28. The radiation-curing ink composition according to claim 1, wherein the ingredient (F) is selected from the 
group consisting of 2-ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate, dicyclopentanyl 
(meth)acrylate. benzyl (meth)acrylate, phenoxyethyl (meth)acrylate, tolyloxyethyl (meth)acrylate,ethox- 
yethyl {meth)acrylate, ethylcarbitol (meth)acrylate, isobornyl (meth)acrylate. methoxypropylene glycol 
(meth)acrylate, (meth)acryloylmorpholine, N-vinylpyrrolidone, N-vinylcaprolactam, N,N-diethylaminoe- 
thyl <meth)acrylate, t-butylamlnoethyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
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(meth)acrylate, 3-butoxy-2-hydroxypropyl (meth)acrylate, caprolactone-modifled 2-hydroxyethyl 
(meth)acrylate, 3-phenoxy-2-hydroxypropyl (meth)acrylate. glycidyl (meth)acry)ate, and EO-modlfied 
butoxytated phosphoric acid (meth)acryfate. 

29. A printing method comprising painting with the radiation-curing ink composition of claim 1 , and then treat- 
ing the ink composition with radiation. 

30. A method for removing the radiation -curing inl< composition of claim 1 » which comprises painting with the 
radiation-curing ink composition of claim 1 , then treating the ink composition with radiation to form a cured 
film and eliminating the cured film with an aqueous alkali solution. 
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